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11 - Introduction.
it is an interesting observation on the development of
scientific and technical chemistry that the technical side of th
problem has often been highly developed before the true scientific
explanation of the processes were known. It is equally interest-
ing to note that with the advent of keen c-ompet ition that the
technical man has always been forced to turn to the scientist for
the necessary perfection of his processes to meet such competition.
Perhaps no field illustrates this situation as well as that of
the chemistry of dyes.
('ne of the reations of this industry of great importance
is the preparation of amino-alkyl-benzene compounds by the inter-
action of aniline, -mono-hydroxy paraffin and hydrochloric acid.
This reaction was first discovered in 1871 by Kofman and Martius,
but its explanation upon firm scientific basis is yet lacking.
The present thesis was undertaken to furnish further
light upon the mechanism of this reaction, which has been studied
m this laboratory for the last four years. The particular
problem studied was the behavior of the propyl group. The work
consists in a continuation of the study by Hjort and Howard in
this field. At. the outset it was found necessary to prepare the
amino-prcpyl-benzene in a definite state of purity, which problem
makes up the major part of this study. The recent agitation in
this country for a scientific dye industry lends renewed interest
to this study and emphasizes the great value of any added infor-
mation in this field.

11 - Historical,

s11 - Historical.
The first work done on this subject dates back to 1851,
when Kofman^ suggested a -common method for the introduction of
the alcohol group into the ammonium compounds. It consisted in
the treatment of such compounds with alkyl bromides or iodides.
Later Stass and Groves showed that alkyl chlorides acted the
same as the bromides and iodides. Perthelot has shown that by
the action of alcohol on ammonium chloride at very high tem-
peratures, a very small amount of ethyl amine was formed. He 3awj
however, that this reaction was not applicable for the preparatioi
of ethyl amine, because of the temperature and the poor yield.
Pardy^- showed that this type of reaction took place to a greater
degree if the hydrochloride of aniline was substituted for
ammonium chloride. Methyl aniline had been made by the action of
methyl alcohol on the hydrochloride of aniline, at the Dye Com-
pany of Rummelsburg. The strange thing about the development of
this reaction is that so little is known about the mechanism ol a
reaction which has been used the last fifty or 3ixty years on a
commercial scale.
Hofman in his work U3ed very large amounts of materials
and his observations were not very accurate. He subjected 10
kilograms of crystallized aniline hydrochloride and 6 kilograms
of pure methyl alcohol to a temperature of 2S0-3C0 degrees in an
autoclave for 8-10 hours. The products of reaction were treated
with strong NaOH solution, and the resulting oil was steamed dis-
tilled. He found that all of the aniline had disappeared, since

3the mixture "boiled at 200 degrees, and concluded that the oil
was a mixture of methyl and dimethyl anilines. He also observed
that there was still another substance that distilled over at a
higher temperature. The French made this same observation, but
since they were interested only in the industrial side of the
problem, they satisfied themselves with the assumption that in
the process of distillation high boiling polymerized compounds
were formed. This conception appeared to have little plausibility
Hofman put forth the theory that after the methylation of the
amino group is complete the phenyl ring is attacked.
Ho fman, now having put forth his theory of explaining
the reaction taking place, proceeded to procure some conclusive
evidence tc substantiate his belief. In the second experiment,
Hofman made the hydrochlorides of the reaction products of the
first experiment, and heated them again for 12 hours, with an
excess of methyl alcohol, in an autoclave at 300 degrees. He now
doubted no longer that the hydrogen of the phenyl group had been
replaced by a methyl group, and that the higher homologues of
aniline were present.
The problem before him no;? was the separation of the
various products of reaction, for this step was necessary for the
proof of his theory. He began by subjecting the mixture to
•fractional distillation, but this 30on proved impracticable
because of the small differences in the boiling points of the
various products. Just a3 little hope lay in the separation of
the different bases in the form of their salts. None of the
fractions showed any tendency to form crystallized salts, although
V
4the most varied acid3 were tired. With platinum chloride an oily
double salt was formed which crystallized only slowly and incom-
plet ely.
Soon thing3 took a noteworthy change. When the separate
fractions were treated with methyl iodide crystalline iodides
were formed with the formation of very much heat. These iodides
were easy to recognize a3 the iodide compounds of ammonium "bases
because of their slight solubility in strong alkaline solutions,
and "because of their easy convertibility into hydroxy compounds
by means of silver oxide in strong alkaline solutions. Fach
fraction wa3 treated as above, and the resulting quaternary bases
were purified from alcohol, ether, and finally from water. For
the characterization of these products he prepared the chloride
by treating the icdide compound with silver chloride, and then
the platinum salts from the corresponding chlorides. By his
analysis of the platinum salts and the iodine compounds, he
recognized them as salts of tertiary amines. From this data he
put forward the following theory:-
H H
H H
CC HC- N H -h CH-OH - C e E--N CH7 +- BOH6 5 CI 3 CI
H
H
K CH3
C 6Hg-H CH 3 CH3CH = C 6H5-N OH3 HOK
yJ± CI
Put if an excess of methyl alcohol is present the methyl group
rearranges to the benzene ring; the change thus taking place
in the tertiary stage as follows:-

5CH3 CH3
C^Hc-N H
K;3
-h CH-OH = C~H4 (CF,)-N l^
3
~h HOH6 5 CI 3 6 3 CI
CH3 CH3
OH- CH,
C 6 H4 (CH3 )-N H^ -h- CH30H = CgH3 (CH3 J 2-N -f- HOK
These reactions express all tut the final reaction, Fofman says
that it is hardly to be doubted that CK^Cl and water are formed
and that the methyl chloride is the active agent of substitution.
v.e also succeeded in proving the presence of other di-methyl-
monamines with dimethyl aniline; namely, the di-methyl toluidine,
xylidine, cumidine, 3Jid cymidine.
Di-methylat ed,
Toluidine, C7H7
N
= C 6 H4 (CH3 )(CH3 2 N
Xylidine, C 8Kg
M = C 6F5 (CH3 ) 2(OH,) 2 NZ)Z (CH3 ) 2
Cumidine, CqH7
• = C 6H2 (CE3 ) 3(CH3)2
(CH *
Cymidine, c iq h13
M CgH (CH3 ) 4(CE3 ) 2 *
- H
He was, however, unable tc find the totally substituted product,
C 11 H15„ C 6(° H3)5
N = jj
(CH3 ) 2 (CH3 ) 2

Fven the presence of di-methyl cymidine is doubtful according to
later experiments.
lip to 1872 Kofman had not put forth any theory as to
the mechanism of the reaction taking place between the hydro-
chloride of aniline and methyl chloride. Fe supposed that the
reaction rent on in the following direction: first, the methyl
group combines with the aminic nitrogen until it becomes entirely
methylated. Then the methyl ^rcup attacks the phenyl nucleus,
substituting itself for a hydrogen atom. According to this, the
methyl at ion takes place at the tertiary stage.
it was now left to prove as to whether the quaternary
salts were products under the conditions of high pressure and
temperature of the experiment. To accomplish this Kofman3 used
tri methyl phenyl ammonium iodide, which was the simplest com-
pound that he could obtain for the purpose. From his results
he devised the following theory:-
C hanging of the Quaternary into the Tertiary.
CH3 CH3
CR Hc-N CH3 * CoHA (CH7 ) N H6 5
1 CH3 I CH3
Changing of tertiary into the Secondary,
CE, H
I CH3 6 3 P% CH3
Changing of the Secondary into the Primary.
WCH3>2N 5 > C6 H2 (CE3 ) 3K H
3

7An oil was obtained which toil d at 192-2C0 degrees.
Py several fractionations an oil, boiling at 192-192.5 degrees
was received. No appreciable change took place in the quaternary
compound, when it was heated to 200 degrees for a long time; but
on raising the temperature to 220-230 degrees a change did take
place. A transparent syrupy mass was obtained. On distilling
with steams, an oil which tolled at 200 - 280° was received, in
order to strengthen his former results, Hofman subjected the
hydrochlorides and the hydroiodides of methyl aniline to 220°-
?30°, under which condition no rearrangement took place; but at
33 5° ( melting point of lead) the methyl group shifted tc the
benzene ring, forming tcluidine. He varied his experiment by
using met hyl-napt hyl-amine and easily obtained the mono-methyl
and di-methyl napt hylamines . In his work with tri -methyl phenyl
ammonium iodide, he observed that in the addition to the re-
arrangement, a crystalline hydrocarbon was formed. It melted
at 136° and boiled between 230°-240°. Ultimate analysis 3howed
it to have the empirical formula, CgCCH^Jg,
in 1874 Fofman^began to rrork with other groups besides
the methyl. He chose the ethyl and amyl groups, which acted in
every particular "ike the methyl group. Lastly, he tried the
phenyl group, but in this case he did not get any rearrangement.
It has been doubtful as to whether Hofman really found
the pen tamethylated compound or even cymidine. Limpach in his
work about 1888, was only able to show the presence of the mono,
di, and the t ri-subst ituted products. All of this seems to be
confirmed by the laws of orientation. For example, the amino

8group being positive group should influence the entering groups
to the ortho and para positions. That is, the ultimate compound
that would satisfy these conditions would be mesi tylidine . No
one has been able to further methylate mesitylidine ; but if
symetrical me ta-xylidine is methylated, the pentamet hylat ed
5
compound is cbtained, Hofrnan prepared the pent a-substi tut ed p
product by treating cumidine with methyl iodide, end then heating
the resulting quaternary compound. He, in his identification of
the rearranged products, has made U3e of the formation of
quaternary compounds. It has been proven by Limpach that the
2, 4, 6,t rime thyl amino benzene is one of the products of rear ran ge-
ment
.
According to Fischer anilines m which the two orthc
positions to the aminic nitrogen are substituted, such as in
3,4, 6, trimethyl amino-benzene and 2, 6, dimethyl amion-benzene,
will not form quaternary compounds at all. This he claims is due
to steric hindrance. In view of the evidence, some of He fman's
statements concerning the products of rearrangement are contra-
dicted.
When cne speaks of the Ho fmen rearrangement, he generally
limits his thoughts to the rearrangement of the alkyl anilines,
in reality, these groups represent only a few examples of the
above type of rearrangement, in which carbon shifts from nitrogen
to the phenyl nucleus. There ere numerous rearrangements which
are identical with the above rearrangement, and the mechanism
of their change may be explained the same as with the alkyl
anilines. The few following examples will illustrate briefly
the generalization of this reaction.
iI
The Semidine Rearrangement fi
" In a series of papers published by Jacobscn^and his
c
pupils" the results of subjecting substituted hydrazcbenzenes to
the action of hydrochloric acid have been studied. If, for
example, the para position to the nitrogen in hydrazcbenzene is
occupied in one or both nuclei, will the conversion into benzidine
be prevented, or what ,trill happen? The method employed by
Jacobson was to reduce the azo-deri vat ives, which are readily
obtained, with an alcoholic solution of stannous chloride and
hydrochloric acid. The hydrazcbenzene compound would thus be
formed and simultaneously converted into the required products,
which could then be separated, identified and estimated. The fol-
lowing changes are possible, supposing one nucleus to be sub-
stituted in the para position by R."
^ > <( > NH, RH
Tl
it-
~nr
.
nh*
fl< >Ntf-{ >fe R< >NH-^<f~> < >-/fN< >
<_>-«
" it has been shown that all the above reactions may
and occasionally do occur, but usually the principal changes are
limited to cne or two of the above, the others being subordinated.'
in reactions 11 and 111, we have a shifting of the group,
NF ,from nitrogen to carbon of the benzene ring. It is
however, a shift of nitrogen from nitrogen to carbon, rather
than carbon from nitrogen to carbon. Put, reactions IV and V
are identical to the He fman rearrangement in that we have a shift
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of carton frorr. nitrogen to carbon of the phenyl nucleus. This
is contradictory to Ho fman 1 s works, in which he tried tc intro-
duce the phenyl group into the ring, but failed. The only varying
ccndition is the presence of the amino group, which might, however
explain this contradiction.
c
Another analogous reation to the Ho fman rearrangement is
the formation of alk3r l ryricinium iodide. Pyridine is a ter-
tiary base, and forms quaternary compounds with the alkyl halides.
Py heating these quaternary compounds to abut 300° a molecular
rearrangement takes palce. Just as the ortho and para toluidines
are produced by heating the hydrochloride of methyl aniline under
pressure, the corresponding and methyl pyridines are obtained
from pyridinium methyl iodides.
cH CH
cH CH
CH Vc-H
C-cH
And lastly, phenylmethyl pyrazole from phenylpyrazole methyl
i odide
.
CH
t: Vri.
i ON
x VH
cH
i
„,C - CH 3
This rearrangement, although it is not identical to the alkyl
aniline rearrangement, is analogous in that it consists in the
shifting of carbon fron nitrogen to carbon of a five ring nucleus.
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111 - Theoretical.
The mechanism of the rearrangement of methyl aniline
hydrochloride has been proven in ; art by Derick and Howard.^ They
proved that when methyl aniline hydrochloride was heated to high
temperatures in bombs an equilibrium resulted between aniline,
methyl aniline and dimethyl aniline, if the temperature was not
great enough to cause the rearrangement of the methyl into the
ring. They also showed that the methyl chloride, formed by
the dissociation of the methyl aniline hydrochloride, was the a
active alkylating agent in the established rquilibrium. They
postulated the further mechanism that
formed which then rearranges into,
< > :!(CH3 ) 3C1, is
CH,/ ">N CH-7
etc.
11Hjort"1""1" has by analogy to Howards work devised the fol-
lowing equilibria, which explain the mechanism of the rearrange-
ment of propyl aniline :-
H C3H?
H — N— CI
h\
N
?3H7
HC1
-f-
C^HfjjCl
»? H7 G
1
C,Ho-N - 3H7 CsHt- N - 3H7
HOI
C H 7 CJL.
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C 3 H7 CI
C 3H7"X-
C 3 H7 '3 H 7~ C 3H 7
C 3H7
C 3H7" A " C 3 H7
^3^7^. ^^3^7^^"
3H 7 - N - 01
-f- C 3H7
C1 ^
C 3H7
C 3 H7- ¥ - CI
C 3H7
,C 3H7 C ?^ ^Cl
oi-y - 01 ! C 3 H7--iI-C 3H 7
C 3K7r
-\c 3H7 < jAj C 3H ?
v3H? y0*13H7
+ c 3H7 c£
C3H7- J-C3H^
r ^C 3 rjij
i3H7
-3^
C 'sHr?—N— C tH 7
C 3HtQ-3H7
C 3 H 7
-f- C 3 H?C1
+ HC1
H /C 3H 7
H -5-01
C 3H 7
H H
H -if-Cl
C 3H7 C 3K7
C
3
h
7
-}— C 3H7C1
Hjort's work showed that the above equilibrium did
exist, but that above 230°, appreciable rearrangement took place
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which he postulates occurs according to reactions 6, 7, 3, etc.
His method of attack consisted in heating a known amount of
propyl aniline hydrochloride in a bomb up to a definite temperatui*
for several hours. After cooling the bomb, contents were extract-
ed and the different amines determined as shown under the separa-
tion and determination of amines in this thesis. If the analyzed
product, known to be aniline, ptopyl aniline and dipropyl aniline,
added up to 100 percent of propyl aniline hydrochloride started
with, taking into consideration the known errors of the method of
analysis, the conclusion was drawn that no rearrangement took
place.
it can be seen from the above 3tatus of equilibria that
if the reactions taking place in the bomb were driven to com-
pletion ths final product would consist of aniline and primarily
the amino alkyl benzenes. On the other hand if the temperature
was insufficient to cause complete rearrangement the results for
the different temperatures may be shown by different steps in
the above equilibria. "If the temperature of the experiment was
not sufficient to cause the first non-rever3ible reaction (6),
then the condition within the bomb would be illustrated by the
equilibria (1;, (2), (3), (4), and possibly (5;, and likewise
for the other steps in the equilibrium."

IV - Experimental.
r
14
IV - Experimental.
Preparation of Propyl Fromide.
12
In the preparation of propyl bromide the N orris method
was U3ed. The original mass relationships used were those given
by A. M. Kjort. In later experiments 3ome modifications in these
relationships were made which appeared to be advantageous.
Eleven hundred and ten grams of hydrobromic acid, 48$,
and three hundred and fifteen grams of propyl alcohol were mixed
in a two liter round bottom flask. The flask was connected to a
reflux condenser and the mixture refluxed for five hours. An
o-'ily layer of propyl bromide had settled to the bottom of the
flask. After cooling to room temperature, the contents of the
were shaken, and the mixture divided nearly equally between two
round bottom flasks each having a capacity of two liters. To
each wa3 added one kilogram of hydrobromic acid, 48$. The re-
sulting mixture was refluxed for five hours. After cooling the
flask3, hydrobromic acid gas was run into the liquid of each f
flask until the water layer became saturated with the same after
which it was refluxed. The propyl bromide, which forms an oily
layer on top of the hydrobromic acid solution was distilled with
steam by boiling t:e above solution. The boiling point of the
fraction taken ranged from 70° to 73°. The yield of the impure
product was 652 grams.
The impure propyl bromide was then fractionally distilled
after being dried over anhydrous calcium chloride for two days.
Almost all of the bromide came over at 71°. In the final
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fractionation that which came over from 71° to 72° was taken.
Yield of pure propyl bromide was 586 grams.
Preparation of Di-propyl Aniline.
The method given v.y Noyes was used in this preparation.
300 grams of propyl bromide and 114 grami of aniline were re-
i'luxed for five hours, There is no apparent reaction at first,
but when coiling begins a light yellow crystalline substance
starts to settle out. Thi3 is primarily the hydrochloride of
propyl aniline. After five hours there was still an amount of
propyl bromide unchanged equal approximately to half of the
original amount. This shows that the crystalline product consisted
mostly of the mono-substituted product. After distilling off the
propyl bromide, the residue was treated with 40% KOH solution,
added in small portions tc give an alkaline solution. The
mixture was steam distilled. The brown oily layer in the flask
gradually came over with steam as a clear light yellow oil. The
oily layer wa3 separated from the water, and refluxed with 150
grams of propyl bromide for live hours or more. The mixture was
then fractionally steam distilled. Portions of about 350 cc
were taken until all oily matter ceased coming over. The first
portion contained mostly water and propyl bromide, the latter
forming a layer on the bottom of the flask. As soon as the
amines began to come over an oily layer was formed on top. The
oily layers from each fraction were separated, dried separately
and distilled under reduced pressure. The test for purity of the
tertiary amine was made carrying seme of the product through the
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regular separation of the amines.
Separati on and Pet er mi nation^ of, the Ami nes
.
There have been several methods devised fcr the separation
13
of amines. Hinsterg worked cut a method which offered a
separation and determination of the first three classes of amines.
Fe used benzene sulphonyl chloride for the formation of the
sulphonyl derivatives . and det Trained the primary and secondary
amines as their sulphonyl derivatives. The tertiary was deter-
14
mined as free amine. Fischer used Hinberg's method for the
determination of the single amino acid3. Hinsberg also found that
some of the di sulphonyl derivative of the primary amine was formed
and that by refluxing it with sodium ethylate, the mono-substitut-
ed product could be obtained. The following scheme, which is
very similar to the above, has been worked out by Terick and
Howard, A few changes to their method has been made by Derick
and Chandler, which has increased the effeciency of the method
and made possible more exact results. The detailed directions
are as follows;
Shake the mixture of amines for ten minutes in 50 cc of
1:10 sodium carbonate solution with 20 percent excess of benzene
sulphonyl chloride. Add a solution of 1:1 potassium hydroxide
solution in portions, cooling after each addition, until a white
solid starts to separate out. Dilute just enough to make the
precipitate go back into Solution* The primary sulphonyl deriva-
tives are in the form of their potassium salts, which are insolubli
in ether. Vn extracting with ether, the primary disulphonyl
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derivatives, th= secondary sulphonyl derivatives, and the free
tertiary amines are recovered. The ether is evaporated off and
85 cc of concentrated HC1 are added and the mixture shaken well
for ten minutes. Una hundred cc of water are now added to the
mixture. Fere is formed the hydrochloride of the tertiary amine,
which is soluble in water tut insoluble in ether. The mixture
is then extracted with ether. The ethereal solution contains
the di-sulphcnyl derivative of the primary amine and the sul-
phonyl derivative of the secondary amine. The ether is evaporsted
off, and the residue refluxed with sodium ethylate, freshly-
prepared by adding 4 gra./.s of sodium to 50 cc of alcohol, for
3C minutes. Sodium ethylate converts the primary di-sulphcnyl
derivative into the sodium salt of the primary mcno-sulphonyl
derivative. The secondary sulphonyl derivative is then removed
by ether extraction; but at this point there is an error
involved, due to the fact that sodium ethylate is soluble to an
appreciable amount in ether containing even a small amount of
ethyl alcohol, thus causing high results in the secondary deriva-
tive. This fact was discovered by Derick and Chandler in their
work on perfecting the mode of separation. The difficulty here
was overcome by evaporating this ether solution to dryness,
adding 35 cc of HCl(conc) and diluting with 100 cc of water.
The mixture is shaken well and then extracted with ether. The
sodium ethylate that was originally dissolved in the ether is
decomposed by the acid into sodium cMoride and alcohol. The
large volume of water added takes up practically all of the
alcohol, leaving just a little in the ether, which is negligible.
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The ether layer is dried over anhydrous sodium sulpi.-.te, ether
decanted, and the salt washed two or three times by decant ation,
each washing being added to the original oecantation. The ether
is then evaporated, dry air pass through the flask for ten
minutes and set in a vacuum desiccator over night. The crystal-
line residue i3 then weighed as the sulphonly derivative of the
secondary amine.
The w ter layer from the above, containing the sodium
salt of the primary sulphonyl derivative is united with the
original water layer containing the same salt. This water layer
is then acidified with cone, KC1 and extracted with ether. The
ether layer is dried over anhydrous sodium sulphate, decanted,
evaporated, dried as above, and finally weighed as the sulphonyl
derivative of the primary amine.
The aqueous layer containing the hydrochloride of the
tertiary amine is made alkaline with solid KOH 30 as to keep
down the volume. This give3 the free tertiary amine as an oil.
The oil is extracted with ether, dried, evaporated, dry air passed
over the residue, and finally weighed as free tertiary amine.
At this point another error is introduced due to the volatility
of the tertiary amine. Derick and Chandler"1' in their work ran
several determinations of the lo3s due to the volatility of
para-di-met hyl toluidine. They found that the loss was appre-
ciable and that it amounted tc several percent in some cases.
At first there is a sudden loss due to the escape 01 the ether,
but after this the loss is uniform shewing that the free, pure
amine is left. They reduced this error to minimum by passing the
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dry air through the flask the least necessary amount of time,
and at the same time keeping the contents of the flask ccld. In
this thesis it was found that the loss due to the volatility of
the di-propyl aniline was within the experimental error a3 the
following results show.
Determination of Loss due to Volatility of the Tertiary Amin e
,
T i me 1 $Loss 11 #los s
0.7141 0. 5304
10 0.7074 0.5227
20 0.7021* 0.5176*
30 0.700 3 0.2 56 0. 5159 0.329
40 0.638 6 0.499 0.5140 0.695
50 0.69 68 0.7 55 0.5125 0.985
60 0.6951 0.997 0.5105 1.370
70 . 69 30 1.29 5 . 5088 1. 700
Analvsis of Known Mixture of Amines.
Determination 1
Primary
Wt. of Amine 0. 5347
Wt. of Sulphonyl Deri v. 1.3300
Calculated Wt, of Amine 0.5320
Error 0.0027
Percent Error 0.505
Secondary
0.5046
0.9891
0.48 51
0.0195
3.87
Tertiary
0.4183
0.4211
0.4211
0.0028
0.67
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Determination 11
Wt . of Amine
Wt. of Sulphonyl Deriv.
Calculated Wt.of Amine
Error
Percent Error
m the above series of weights, the ones marked with the
asteriks were taken as the actual weights of the amines, because
at this point the loss due to volatility became uniform. The
sudden loss in the first two weights is due to the escape of
ether, which cannot be entirely removed by heat. The percent
los3 figured only for those weights were taken after the ether
was removed. From the above data it can be easily seen that a
twenty minute passing of dry air through the flask is sufficient
to drive cut the ether. The above results are not standard,
because the loss will vary with the surface that is exposed. The
loss due to the volatility of this amine under these conditions
is very small, and within the experimental error.
Preparation of Propionvl Chl oride.
About 10 5 grams of propionic acid, purified by distil-
lation, were put in a 250 cc distilling flask. To this was
added 62 grams of phosphorus trichloride by means of a dropping
funnel. The mixture was warmed gently. Two distinct layers were
Primary
. 531C
1.320 3
0.5281
0.002S
0. 545
Beoondary
1. 3865
2.7318
1.3360
0.050 5
3.66
Tertiary
0. 5212
0.5267(fres;
0. 526 7
0.0055
1.05
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formed. The propionyl chloride was distilled off and the fraction
boiling between 7 5° and 8 5° was taken. About 3 grams of sodium
propionate were added to the distillate and left to stand over
night. This was added to decompose any of the phosphorus tri-
chloride that had distilled over. The product was then distilled
and a portion boiling from 80° to 81° was taken as pure propionyl
chloride. Yield 106 grams.
Preparation of Propiophenone.
Cne hundred and six grams of propionyl chloride and 500
cc of benzene were mixed in a 1500 cc round bottom flask. 150
grams of aluminium chloride were added in batches of 15 grams
each, every ten minutes. An excess oi benzene was used to lessen
the tendency of the formation of the para-di-propiophenone,
Pecause of there being more benzene molecules, the tendency of the
propionyl chloride to react with the benzene is increased, while
the increase in bulk lessens the possibility of the formed sub-
stance reacting again. Hydrogen chloride gas given off in large
quantities. A delivery tube, connected to the top of the con-
denser, led into a flask of water where the HOI gas was absorbed.
Violent boiling took place on each addition of the aluminium
chloride. The mixture was refluxed for 5 hours on a water-bath,
and then the excess of benzene distilled off. The residue in
the flask was poured into 500 cc of distilled water, cooled and
extracted with ether. After separating the ethereal solution, the
ether was distilled off on a water-bath, and the residue steam
distilled. Steam was passed in vigorously for an hour, at the
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end of "-nich time the oil stopped coming over. The y ropicy henone
thus obtained was extracted with ether, dried and redistilled.
Foiling point 215°,
Nitration of Propi cphenone
.
The nitration of propicphenone was carried out in order
that the corresponding amino propyl benzenes could be obtained
by the reduction of the nitro compounds. According to the laws
of orientation the met a position should predominate.
To 15 grams of propi op henone was added, drop by drop, a
mixture of twenty grams of nitric acid ( sp.g. 1.42; and 108
grams of sulphuric acid (sp.g. 1.84). The propiophenone was
kept at a temperature between 5° and 15°. Each addition of the
mixture of acids gave a sudden rise in temperature, showing that
strong chemical action was taking place. The mixture of acids
was added until no appreciable rise in temperature resulted from
the addition. The mixture was left to stand for several days
and was then poured into 300-400 cc of distilled water. A yellow
precipitate formed. The nitre ketones were filtered off, and
washed thoroughly with water until the filtrate came through
colorless. The original filtrate and the washings were all
extracted with ether, the ether evaporated, and in each case a
yellow solid was obtained. The product obtained from the original
filtrate had a dirty appearance due to the impurities dissolved
in the acid solution. The product obtained from the washings had
a pure appearance and was of uniform light yellow color. None of
the residues showed any distinct crystalline structure. Melting
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points were taken on the ether extractions; the extract of the
original filtrate began to melt at 85° and was practically all
melted at 1C0°. There were some crystals that did not melt until
10 6°. The extract of the washings began to melt at 87° and was
completely melted at 99°. The melting point of the crtho-, met a-,
and par a- mono-substituted products are 85°, 98°, and 114°
respectively. This shows a possibility of separating the mono-
nitrc-derivatives from the poly-nitro-derivat ives
.
The products obtained from the ether extraction of the
filtrates were all mixed together and steamed distilled. Portions
of 2C0 cc were taken. Eleven fractions were taken, and each
portion was extracted with ether, un evaporating the ether there
was only a minute residue in the first three portions, and in the
remainder there was practically no residue. The mono-nitro
derivatives were practically nonvolatile with steam.
The original precipitate, after washing, was transferred
to a round bottom flask and steamed distilled, fractionally. Nine
fractions were taken with an approximate volume of 200 cc each.
Each portion was extracted with ether, the ether evaporated, after
drying. The residues of the first two fractions were non-crystal-
line, but dry, pasty mass of light yellow color. The melting
point of the different fractions were as follows:
Fraction Melting Point Re mar ks
1 98° Started alittle at
850
2 98° Completely at 113°
3 115° Yellow Crystals.
4. 11821190 « "
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Frac tl on Melting Point Remarks
5 132° Yellow crystals
6 132° "
7 132° "
8 132° " "
9 132° "
The above data shows that most of the original precipi-
tate consisted mainly of the poly-ni tro-propiophenones, and that
they are volatile with steam in a greater degree than the mono-
nitro-propiophenones
.
(? ) The method of nitration of the propio-
phenone for the preparation of the amino-alkyl benzenes was dis-
carded because of the tedious and unsatisfactory separation of
the mono-substituted products. A previous reduction of the
mixture of nitro-compounds, and then a subsequent separation of
the mixture of amino-propyl benzenes afforded no more favorable
method of attack.
Preparation of Para-nitro benzoic Acid.
The method used was that given in Moyes Laboratory man-
ual. Some modifications were made due to the fact that pure para-
nit ro-toluene was started with.
A two liter flask was connected with a reflux condenser,
delivery tube and a thistle tube. Forty- five grams of para-nitro
toluene, 20C cc of distilled water and 10 cc cf 10$ potassium
hydroxide solution were mixed in a flask. Enough of a lofo
solution of potassium permanganate was made up to contain 10 5
grams of the salt. About 50 cc of this solution was added to
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the mixture in the flask. A current of steam wa3 passed rapidly
into the contents of the flask until the liquid boiled at such a
rate as to gently boil the contents. The remaining permanganate
solution was added in portions. The steam was run in until the
pink color of the permanganate had disappeared. The solution was
then filtered, evaporated to a volume of 100 cc, cooled, filtered,
and acidified with concentrated HC1. The flocculent precipitate
of para-nitro benzoic acid wa3 then filtered off, heated with
distilled water, cooled and filtered. Melting point was 232°
uncorrected.
Preparation of Para-nitr o benzoyl chloride.
Twenty-five grams of para-nitro benzoic acid were put
into a 500 cc round bottom flask. To it was added and mixed
intimately a 50$ excess of phosphorus pentachloride. The mixture
was then heated on a water-bath with frequent shaking for 8 hours.
The mixture was then extracted with ether, the resulting yellow
solution was filtered into a Olaisen bulb, and the ether evaporate
on the water-bath. The distilling bulb wa3 then connected to a
water condenser and heated on a bath of calcium chloride solution.
The solution afforded a constant temperature of about 130°, thus
allowing the phosphorus oxychloride to distill off without any
danger of heating the mixture too high, thus causing decom-
position of the chloride. The residue, an orange colored oil,
was distilled under diminished pressure. Para-nitro benzoyl
chloride boil3 at 139° under a pressure of 13 mm., or at 199°
under a pressure of 105 mm. The product when cold crystallized
=!5!H!!- —^.—^.^
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in needles which melted at 35°. Yield 20 grams. A large lo38
is due to charring and condensation in the latter part of the
distillation. Tn each case the residue in the bulb wa3 extracted
with potassium hydroxide solution and the acid recovered.
Preparation of the Amino-propyl Fenzene s by the Malonic Este r
Synthesis
.
it now became necessary to find a new method for obtain-
ing the amino-propyl benzenes. The main idea waa to devise some
way in which the above compounds could be prepared individually,
thus abolishing the difficult and tedious separation. A method
was anticipated in preparing the mono-nit ro propi op hen one by the
malonic eater synthesis. This method ha3 been tried in part for
16
the ort ho-nitro-benzoyl compound by Pischoff and Rach in 1384.
They formed the sodium salt of malonic ester by treating the
eater with aodium ethylate. The re3ulting salt waa treated with
ortho-nitro benzoyl chloride dissolved in ether. The mixture waa
refluxed for a few hours and the ethereal solution separated and
the ether evaporated off. An oil remained which waa extracted
with alcohol (95$), On evaporating the alcoholic solution color-
le33 cryatal3 were obtained which melted at 93°. This they proved
to be di-para-nitro benzoyl malonic ester. The mono-substituted
product was prepared in the same manner by varying the mass
relationships. It melted at 54°. One objection to the above
method lies in the use of alcohol, which readily reacts with the
acid chloride to form an ester. Pecause of this objection it was
decided not to use alcohol, but to form the sodium salt in ether.
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Experiment 1
Seven grams of sodium and 50 cc of ether were put in a
round "bottom flask, connected with a reflux condenser. Py means
cf a dropping funnel 48 grams of malonic ester were added slowly.
No appreciable reaction took place, but a slight turbidity was
formed. The mixture was left to stand ever night. About 27,7
grams of para-ni tro-benzoyl chloride were dissolved in ether and
then added in portions to the sodium enolate. The mixture was
then re fluxed for twenty- four hours over an electric heater.
During this process the mixture had turned a bright orange color.
Enough water waa added in order to give two distinct layers.
The ether layer was then separated as soon as possible to prevent
any saponification. The water layer was extracted with ether,
and the resulting ethereal solution was added to the original.
The ether solution was then dried with anhydrous sodium sulphate,
decanted and the ether evaporated. The residue consisted of a
solid mixed with an oil. The water layer was acidified with
sulphuric acid (1:1) when a yellow oil separated out v/hich on
standing over night became half oil and half 3olid. The residue
from the ether solution was put into a distilling bulb (Ciaisen)
and distilled under diminished pressure.
T e mp
.
Time No. Out In Pressure Remarks
10:53 1 729 98 26 mm Distilling constant at 98°.
10: 54 2 127 98.3 26 " n n
10: 56 3 127 98 26 » ti n
10: 57 4 126 95.5 22 " " 95. 5
10: 58 5 121 94 22 » n n ti g 4<
10:59 6 120 93.3 2C "
11:00 7 120 93.3 20 Temperature going up.
11:01 8 125 95 20 "
11:02 9 125 96 22 "
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Temp.
Time No. Out In
1 1 • \JO xu 1 ?7 S Q 7
1
1
1 27 5 97
11:07 12 134 97
11:09 13 140 98
11:10 14 150 99
11:11 15 166 98
11:12 16 175 99
Pressure Remarks
£2 mm
22 "
21-22 «
21-22 inside temperature rising
slowly.
21-22 "
21-22 " Solis residue sublimed.
21-22 ' Practically nothing distil-
ling. Change of Fraction. Residue seems to melt at
1750
11: 18 17 160 105 22 11 i;ut3ide rising rapidly. lcc
dist
.
11: 20 18 180 104.5 22 11 Much sublimate in the tube.
11: 21 19 188 110 22 ti Cut3ide rising rapidly.
11: 22 20 190 120 22 ti n n ti
11: 26 21 192 115 25 11 Change of fraction.
11: 27 22 198 123 25 n Inside temp, rising rapidly
11: 29 23 20 5 173 25 n Apparatus clogged.
When the outside temperature rose too high an explosion took
place, filling the apparatus with fumes. Some of the sublimate
was taken from the bulb. It had a melting point of 232° uncor-
rected. The residue from the water layer was distilled in like
manner, but clogged up the apparatus due to the sublimation
prevented a complete distillation. A few of the crystals were
extracted with a little ligroin and the clear liquid decanted.
Upon cooling a few oily crystals separated out. The ligroin was
poured off and the crystals dissolved in alcohol. Cn treatment
with alcoholic FeCl3 solution a faint wine color was obtained.
The ligroin insoluble material was dissolved in alcohol, and
found to crystallize easily on cooling. The crystals were filtered
washed and dried on a porous plate. In alcoholic solution they
gave no coloration with alcoholic FeClg. A sample of the original
material was dissolved in alcohol and treated with FeCl3. A deep
violet coloration resulted.
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The solid that is insoluble in ligroin is very likely
the di-subs tituted product. The conditions of the experiment
would suggest this, since the s"odium enolate of maIonic e3tsr was
nearly insoluble in ether and the para-ni tro-benzoyl chloride was
very soluble in ether, that mass action favors the di-3ub3ti tution
Fxpsriment 11
.
The problem now was to find a solvent which would dis-
solve the sodium salt of malonic ester as rapidly or more readily
than the acid chloride. Such a solvent would allow mass relation-
ships that would favor the formation of the mono-substituted
product since the scdium enolate could be present in excess of th
the chloride. The salt was found tc be very soluble in pyridine
and acetone. The use of the former was exclused because of the
possibility of the formation of a quaternary compound with the
RH. Acetone dissolved the para-ni tro-benzoyl chloride very
readily and on evaporation the chloride was obtained apparently
unchanged. So a run was made using acetone a3 a solvent.
An excess of the sodium enolate of malonic ester was
prepared as favoring the formation of the mono-substituted
product. The ma33 relationships were:- 2 moles of the ester, 2
moles of sodium and 1 mole Of the chloride. In this ca3e it was
nece33ary to prepare the sodium salt as before, because sodium
reacts with acetone. After the salt was prepared just enough
acetone was added to dissolve it. Twenty grams of para-nitro-
benzoyl chloride, dissolved in acetone, was added to the salt
solution which caused a reddish-orange turbidity. The mixture
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was then rofluxed over night. Next morning just enough water was
added tc diaaolve the sodium chloride. The mixture was then
acidified. The acetone layer was separated and dried over anhy-
drous sodium sulphate, the acetone distilled off and the residue
distilled under diminished pressure. The same clogging of the
tubes took place as in the previous run. A little of the yellow
sublimate was ignited on a platinum foil when it melted, burned
with a sooty flame, and left no inorganic residue. The melting
point was 233°. When heated up with some distilled water it gave
an acid reaction to litmus. Hence it was para-nitro-benzoic acid.
The contents of the distilling bulb were extracted with
ligrcin and the resulting solution evaporated. An emulsion was
formed at first, which cleared up on standing a few minutes. A
brown oil separated out, which was probably the mono-substituted
product since it gave the wine red color with FeClg. The solution
was left to evaporate over night.
The ligrcin solution, above, after evaporation gave an
oil and a few crystals. Some of the oil was dissolved in a few
cc of alcohol and a few irops of alcoholic FeCl3 was added. A
deep wine color resulted which showed the presence of an appre-
ciable amount of the mono-para-nitro-benzoyl malonic ester.
The residue in the distilling bulb which wa3 left after
the extraction with li groin was extracted with alcohol, and
crystallized. The crystals were of a light tan color and melted
at 233° uncorrected. They gave an acid reaction to litmus when
heated With water. When dissolved in alcohol they gave no
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reaction with alcoholic FeClg. It was decided that this must be
the para-ni tro-ben zoic acid. The amide was prepared #hieh melted
at 198° uncorrected, t hus showing fairly conclusively that this
product was para-nit ro-benz ic acid. The question arises a3 to
whether this comes from the hydrol^rsis of the acid chloride or
from the action of the sodium enolate of malonic ester upon the
di-8ub3t ituted product. Hydrolysis is not very likely since all
the substances started with were dried thoroughly. According to
17
Fischoff and Each by treating the di-subs tituted product with
sodium methylate the ethyl ester of ort ho-nitro-benzoic acid and
the mono-3ubstit uted product were obtained. It is very likely
that the sodium enolate, which is similar, will act in the same
manner.
Experiment 111.
In the run3 so far the product consisted principally of
the para-nitrobenzoic acid. It wa3 decided not to use an excess
of the sodium enolate but rather an excess of the free malonic
ester, in order to prevent its action, if any, on the desired
product. Acetone was used ao the solvent again. After the
mixture r.'as refluxed over night, enough water was added to dis-
solve the sodium chloride which had separated out. There was 3
still another product which seemed to be insoluble in either water
or acetone. The acetone layer wa3 separated off, and the solid
which was held in suspension was filtered off, washed with acetone
and dried on a porous plate. It gave an acid reaction with water
and melted at 233°. The amide was prepared which melted at 1S8°.
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This showed that the para-nit roben zoic acid wa3 lormed again.
The amount of the acid recovered wofl almost equivalent to the
amount of the chloride that was started with. It was now thought
that possibly the acetone had a slow action on the chloride.
Action of Acetone on Para-nitrobenzoyl chloride.
About 0.5 gram of para-ni troben zoyl chloride wa3 dis-
solved in 20 cc of acetone, which had been previously distilled
and carefully dried. The solution wa3 refluxed over night. A
pale yellow solid had separated out. This was filtered off,
washed with acetone and dried on a porous plate. It melted at
333°, gave an acid reaction to litmus on heating with distilled
water. The amide melted at 197°. This 3hows that a very appre-
ciable reaction takes place between the acetone and para-nit ro-
benzoyl chloride producing the free acid. Since para-ni trobenzcic
acid has been obtained as one of the products of the reaction,
it seems a3 though the action must be dehydration of the acetone
by the acid chloride. This reaction is doubtless:
N0 2 C-Cl
CH,C0 CH3 CK3-0 - CH2
CE3O = CK or CH2= C = CH2 H2
N0 2<C I^C-Cl + H2 ^ r T Qp,<T ^ C-OH +- HCl
If this explanation is correct the acyl chloride is
acting as a dehydrating agent, one of its well known properties.
However free para-nitrobenzoic acid was formed in the
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experiment where ether was the solvent and no acetone was present,
in these experiments a similar dehydration of the enolate of the
malonic ester may occur since the treatment with sulphuric acid
was n c t sufficient to saponify the ester formed according to the
observations of Fischoff and Each. This peculiar reaction needs
further investigation.
Experi nent IV.
Because of the difficulty in the foregoing experiments
it was decided to duplicate the run of Pischoff and Rach using
a little alcohol, une gram of sodium was dissolved in the lea3t
amount of alcohol. Dry air was passed through the flask in order
to remove most of the excess of alcohol. Four gram3 of malonic
ester dissolved in 25 cc of ether were added. The mixture was
shaken a few minutes and then connected to a reflux condenser.
Nine grams of para-nit robenzoyl chloride were dissolved in 50 cc
of ether and added gradually tc the mixture in the flask. The
resulting mixture was refluxed ever night. Enough water was
added to give two distinct transparent layers. The ether layer
was separated, dried and evaporated. A yellow oil remained which
half way solidified on cooling. This substance was extracted with
alec hoi, which dissolved cut the cr^/stals but left the oil behind.
A small amount of the oil was ^ut into a test-tube and treated
with alcoholic FeCl^. A dark wine red coloration appeared,
showing the presence of the mono-substituted product.
<n evaporating the alcoholic solution white crystals
were obtained, which had an indistinct melting point between 48°
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and 52°. un recrystalli zat ion from alcohol a sharp melting point
at 54° was obtained. A little of the product was dissolved in
alcohol and treated with alcoholic FeC^ giving no coloration.
j his product is para-nitrobenzoic ethyl ester which when pure
melts at 57°. This is the first time that the ester ha3 lormed
and must be attributes to the U3e of the small quantity of al-
cohol
.
Another crystalline solid was obtained from the mother
liquors of the ester, which melted at 233° (uncorr. ) and is tne
iree para-nitrobenzoic acid.
Tne residue remaining in the crystallizing dish that did
not dissolve in alcohol was spread on a, porous plate. A light
yellow 3olid was obtained which was extracted with dilute alkali
to remove the free para-nitrobenzoic acid, on recrystalli zat ion
from alcohol the solid residue melted sharply at 97°. it gave
no coloration with FeCi^. A combustion for nitrogen by the open
tube method gave the following results:
Subs, 0.2085; Ng 10.7 cc at 24° and 741.2 mm.
Calo. for (Nu2C6 H4Co; 2C (Couet£ : N = 6.11; found 5.66
"
n Ne 2C 6H4C0Ch(C00Et) 2 : N = 4.53;
As the ferric chloride test showed, this 97° melted product is
the di-para-nit robenzoyl malonic diethyl e3ter. This wcrk agrees
I c
with that of Pischoff and Rach upon the reaction of ortho-nit ro-
benzoyl chloride and malonic ester.
in a very recent article by Jackson and Whitmore^S the
preparation of the mono-cara-ni trobenzoyl malonic diethyl ester
is described. The authors do not mention the work of Pischoff anf
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and Raoh and give no indication that the di-para-nit robenzoyl
malonic ester is formed or that other dii licuities , such as the
simultaneous icrmation of the p-ni trobenzoic acid and its ethyl es
ester are met '.vith. This is very remarkable since these were the
main products according to the work of Bishoif and Rath, whose
results the present investigation thoroughly confirms with the
p-isomer. Jackson and Whitmore did not test their product with
FeGl_, so that no fxoif of the formation of tne mono -p-nitro-
9
benzoyl malonic diethyl ester other than their analysis for
nitrogen.
Experiment IV resulted, in part, in the formation of the
dipara-nitrobenzoyl malonic ester wnich melted at 97° ( uncorr.j.
Jack3on and Whitmore's product melts at 93°. it would seem that
the two products are identical and that the latter investigators
were in error in their single determination of the percentage of
nitrogen in their product, since the 97° melting product gave
the correct percentage of nitrogen in two analysis. The low
melting point given by Jackson and Whitmore suggests an impurity
in their product and their method of preparation explains the
nature of this impurity if the resultso of experiment IV are
carefully considered. It is p-nitrobenzoic ethyl ester which
melts at 57°. The presence of this product does not however,
explain the low percentage of nitrogen which they report, since
this ester conains 7.2 percent of nitrogen. In the light of these
contradictory results it seems best to repeat the work of Jackson
and Whitmore.
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Experiment V;
Five grams of p-ni trobenzoyl chloride were mixed with
4.5 grams of malonic ester dissolved in dry ether, and the mix-
ture treated with sodium etnylate irom 0.5 gram of sodium dissol-
ved in absolute alcohol. A white precipitate formed. After
stanfling an hour the ethereal solution wa3 filtered off, shaken
with dilute sulphuric acid, separated and dried. Upon evaporating
the ether a yellow oil was obtained, which on standing solidified.
After recrystallization from alcohol a white crystalline solid
melting at 93° as reported by Jackson and Whitmore, was obtained.
A little of the substance dissolved in alcohol wastreatsd with
teCl3. No coloration appeared showing that the mono-p-ni troben-
zoyl malonic e3ter was not present and that Jackson and Whitmore
were mistaken in reporting their product as the mono-p-ni tro-
benzoyl malonic diethyl ester.
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V- Conclusion.
1. The generality of the hofman Rearrangement has been studied.
3. The quantitative method for the determination and the
separation of primary, secondary, tertiary amines and quater-
nary compounds, developed in this laboratory, has been further
perfected,
3. Di-p-nitrobenzoyl malonic diethyl ester has been prepared
and characterized.
4., The product described by Jackson and Whitmore as mono-p-ni tro-
benzoyl malonic diethyl ester has been proven to be di-p-nitro
benzoyl malonic diethyl eater.
5. The use of acetone as a solvent for malonic ester condensa-
tions with acyl chlorides has been shown to be undesirable,
3ince it precipitates the acid corresponding to the chloride.
6. The addition of small quantities of alcohol to the solvent
ether, causes the formation of the p-nit robenzoic ethyl ester,
which is difficult to separate from the desired product.
7. Whatever solvent is used, free p-ni trobenzoic acid is a fur-
ther product contaminating the substituted ester.
8. The application of the principle of mass action and chemical
kinetics has been applied to all substances prepared in this
investigation.
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